at that time added to the work load of the clinic. In 1955 a hearing assessment clinic was instituted at the Children's Hospital in Birmingham; I believe this is still the only clinic in the hearing aid service recognized by the Department of Health as being specifically for children. Since then we have survived many difficulties and made steady but unspectacular progress.
At that time it was a popular peedo-audiological concept that all disciplines should work together in a unitas it were 'surrounding' the child. With the fragmented services in Birmingham this proved impossible; attempts to introduce a teacher of the deaf as a member of the hospital team broke down in practice. The disciplines of medicine and education did not gel, nor did the interrelationship of the welfare and educational elements. Instead we adopted the alternative pattern of taking individual responsibility for our own aspects of the child's problem in different clinics and co-ordinating them with cross-reporting and what was then a sophisticated colourcoded reference system. This has continued to the present time, while the barriers have been spontaneously eroded by personal contact and by our common interests and understanding.
The Aural Clinic has developed into a unit with four large acoustic booths, two of which form a double unit. It is now daily attended by otological colleagues who assist me with complete clinical freedom. The pre-school unit has also been integrated and the Children's Hospital unit remains closely linked. There are frequent panel discussions both on matters of general planning and on individual difficult cases. There is far to go. The problems are common to all schemes: finance, staff and competition with other services. Table 1 shows the changes over fifteen years in the hearing aspects of the school service. Despite a great population increase in the surrounding areas, Birmingham, like other large cities, shows a slight reduction in total and school population. The screening tests in school carried out by the gramophone audiometer represented a 'once only' full cover of schoolchildren. Now, using pure-tone screening audiometry, we are still able to screen each child only once in his lifetime, at the age of 6, and the insufficiency of additional staff to carry out this new procedure leaves us with an estimated 1500 children missed, although they are usually picked up at later visits. Screening in 1955 showed a failure rate of 1 in 40; in 1969/70 1 in 7 children failed the test. We have no record of the number of failures seen in the school clinic in 1955, as most were referred directly to the general practitioner or to hospital, but nearly all are now reviewed by the Aural Clinic, and over half the failures in 1969/70 were confirmed with a hearing disability, a total of 1429. The one part-time consultant in 1955 has now increased to 5 and the cases seen have increased from 399 to 4253 (1969/70). The accommodation, together with the acoustic rooms, has increased to include a teachers' room, a pre-school assessment room, a clinical examination room and secretarial and records offices. Clinical attendances annually have grown from 2904, which included many ear dressings, in 1955, to 9891 in 1969/70. Cases referred for hospital treatment appear to have fallen from 3154 in 1955 to 1163 in 1969/70, but these figures are misleading as the earlier figure represents referrals from the school health service while the later refers to the Aural Clinic only. Although there are no more schools for hearing-impaired children than there were in 1955 (two day and one residential), two of these have been rebuilt and the third greatly extended. Because these schools were good the City of Birmingham was slow to accept the need for partial hearing units, but we now have four classes in ordinary schools and need more. We have acquired three peripatetic teachers since 1955, with an annual referral rate of 207 children and sustained supervision of 251, again clearly inadequate.
The way in which a puedo-audiological programme develops must hinge largely on the population density, the type of area and the type of population served. In a large city such as Birmingham the service must differ in many ways from that of surrounding low-density rural areas with many local authorities. We cross this administrative barrier regularly. We help in our own way wherever we can, bearing in mind that some of the children from outside districts will ultimately find their way into one of our two day schools for the deaf or the residential deaf school within the City. Changing communications and the impending implementation of the Maude report will no doubt lead to many adjustments. We have an additional problem which will be shared by few other peedo-audiological organizations, in that 25 % of our school population are now immigrants who present special social and linguistic difficulties.
Once a hearing loss has been ascertained our colour-coded system ensures a close follow up. Though our ascertainment at school level is inadequate, we are much more concerned at the great weaknesses in the ascertainment mechanism in the pre-school years. This is now being extensively surveyed in the Department of Social Medicine at Birmingham University by Professor E G Knox and Dr A J McKenzie, a research pwediatrician, who are covering the screening arrangements for amino acid disorders, congenital dislocation of the hip and deafness. When the City's statistical computer goes 'live' at the end of the year there will be a feasibility study of a computerized surveillance system.
Treatment ofSecretory Otitis
The high incidence of relatively mild and fluctuating deafness caused by upper respiratory infection is a major problem. At the last count, in November 1970, 2500 children in Birmingham and the surrounding catchment area were awaiting hospital treatment for secretory otitis. Serial reports of school progress, both in attainments and in behavioural difficulties, which have been constantly studied, demonstrate the severe interference in education which this condition often causes. This is highlighted by follow-up reports showing the improvement in the child's progress which follows resolution of the condition.
Even if we discount the small proportion of ears which become permanently damaged by segmental collapse of the tympanic membrane and adhesive changes leading to keratosis, improved hospital facilities are urgently needed for children whose hearing is impaired for one or more years. Until the end of 1970 the waiting time at the Birmingham hospitals for treatment for secretory otitis varied from eighteen months to three years. I frequently discussed the situation with colleagues from elsewhere, most of whom were frankly disbelieving that we could not treat them more quickly. The Birmingham Regional Board ratio of otolaryngological consultants to population is 1 to 250 000, compared with a national average of 1 to 140 000 and a professionally acceptable ratio of 1 to 100 000, and is surely relevant.
Encouraged by the work of Hunt Williams on middle ear ventilation, and in despair at the bad results of myringotomy in resistant cases following the restoration of nasopharyngeal health, we tried to find some solution. In 1962 Dr Brian Smith and I ran an abortive series of cases making use of the common experience of nitrous oxide diffusion into the middle ear. The latter having been inflated to ensure an air-containing cavity, an oxygen-helium mixture was inhaled for 30 minutes. Being relatively insoluble, the helium was slow to diffuse, but at the end of 30 minutes fluid had been expelled from the tympanic cavity, the membrane had reverted to its normal position and hearing was restored. The expense, time and multiple repetition of inhalations made this an entirely unpractical solution.
Arising from this, in 1963 we began using the technique of inserting a home-made polythene prosthesis into the tympanic membrane with the aim of relieving the reduced hydrostatic pressure in the middle ear by permitting the fluid to pass down the eustachian tube and to be replaced by air. After a year's experiment we were convinced of the efficacy of this treatment, which I reported to this Section in 1964 (unpublished). My amourpropre was wounded by the discovery of Shephard's technique using a Teflon drainage tube: I think we are all now convinced of the value of this procedure although there are still unsolved difficulties and problems. I support J J Shea in his plea against indiscriminate use of tympanic ventilation, made at the third British Academic Conference in Otolaryngology (Shea 1971) .
In 1955 I investigated all cases of secretory otitis treated in one year from the Aural Clinic, my colleague, Mr Hazley Anderson, and myself operating on alternate cases. In one series the adenoids, and usually the tonsils, were removed, and in the other the operation included myringotomy. The results of both series were identical. In 70% of cases normal middle ear function was restored within three months and in 20% within one year, while the remaining 10% of cases were still resistant at the end of one year. There can therefore be little justification for introducing tympanic ventilation at the time of adenoidectomy except in the more severe cases with early segmental collapse or in patients suffering from social or educational problems. The ear is too delicate an organ to be surgically attacked as a primary therapeutic measure for middle ear catarrh.
Perhaps I may now resolve a mystery -the multiplicity of names for the plastic tubes used in this procedure. While we were undertaking this research at the Queen Elizabeth Hospital we used heat-expanded polythene tubing made by Mr John Waldeck. For practical purposes a name for this was desirable. It seemed appropriate to resurrect the technique once used by Julius Lempert in attempting to prevent the closure of the lateral canal fenestration, and to use the same word, so we called our new prosthesis a 'stopple'. In recent years the acceptance of this technique has led to the use of the highly descriptive sailing and engineering word 'grommet'.
Further acute otitis media may result in the displacement of the grommet. Also, the build-up of keratin may eventually surround it as the squamous surface migrates, and this has been noted spreading on to the medial surface of the membrane. This surely precludes the use of such a device until measures have been taken to ensure the health of the nasopharynx. The Shephard tube is all too often extruded before the ventilation process has permitted full restoration of middle ear function. The continued use of the wider flanged and (up to the moment) individually made stopple as opposed to the Shephard prosthesis is desirable in cases where prolonged ventilation is required. Our original device has been improved by my colleague, Mr J Bennett. As we are all now calling the original Shephard drainage tube a grommet, perhaps our prosthesis might be described as a stopple.
Assessment ofHearing in Young Children
There is a large gap between assessment of hearing in infancy by attention and distraction tests developed by the Ewings and others, and the point at which an experienced operator can produce pure-tone audiograms from a child with confidence of accuracy. At a meeting of this Section in 1947 Dix & Hallpike (1948) demonstrated their peep-show audiometric technique. This consisted ofa pure-tone audiometric stimulus linked with a changing visual stimulus by showing a picture on a screen which the child could activate by pressing a button. This conditioning technique has been the basis of performance in audiometry since that time. The different variations developed from it are too numerous to detail.
With the large number of children presenting with communication problems, we spent much of the 1950s trying by different techniques to develop a quick screening test which would assess the hearing level and, in particular, would detect the presence of high-tone deafness. Attempts were made to combine this with an attention test for the younger children, of the type demonstrated by Huizing in his train test, and which would lead us to pure-tone audiometry with the conditioning technique used in many ways by experienced operators nowadays. A shoe-box full of marbles is an easy and cheap way of providing this in the later pre-school and early school years. We tried to find a visual presentation which would remain repeatedly interesting to children aged 1-5. Here, I felt, was the answer, but when the equipment was brought into action with children we were sadly disappointed. After one look the children ignored a further exposure to such a dull, repetitive stimulus. From this failure developed a technique which has been applied at the Children's Hospital continuously over the past ten years, and which we have called filter audiometry. We depend on an auditory stimulus alone to evoke a distraction or attention response from the child. We were particularly concerned in developing a screening test whic.i could be completed in a time short enough for the child's interest to be sustained. We were being inundated with children with defective communication ability, for which a hearing defect might prove one of the many possible causes. We were attempting to eliminate one specific defect in a child who might have multiple disabilities or whose disability might exist in one of many factors: personality, social background or linguistic difficulties (racial, central or social in origin), all of which present the element of deprivation. Our search for a sound stimulus eventually settled on the presentation of a well-known phenomenon, that of 'pop' music, which, because of its rhythmic content and virtually standard intensity of presentation, appealed to most children. It could well have been forecast that 'pop' music might be the sound stimulus which would particularly appeal to children of defective intelligence!
The test we use has relatively simple requirements. Two acoustically treated rooms are used, separated by a double-glazed panel. The sound source is a tape of 'pop' music recorded at constant level. The output is fed through the filter to a clinical audiometer which is used here only as a switching device, an attenuator and an input gain control. The filter itself is a compact instrument designed by our engineer and powered by the subsidiary power output from the tape recorder. Each filter has been designed to attenuate at a rate of 36 decibels per octave by a combination of active and passive filters (Fig 1) . The gentle slope of the passive filter, compared with the active filter response which produces a peak with a sharper attenuation, combines to give a sharp cut-off. Three arbitrary bands have been selected. The first has a high pass filter eliminating frequencies above 3500 cycles, the second is presented by filtering out sounds below 1000 and above 3500 cycles, and the third band passes frequencies up to 1000 cycles. The output from the audiometer is passed to loudspeaker enclosures in the test room, each of which contains a further matched amplifier. Each of these three test bands may therefore be presented on either side of the child.
The equipment operator monitors the test procedure with a 'talkback' system incorporating automatic gain control. The child is brought into the room and seated at the table or, if very young, on a parent's lap, equidistant from the speakers. The test is explained to the parents, stressing that at no time must they give any indication that they are hearing the signal. This is not always easy to achieve, particularly at high intensities. The observer attracts the child's attention with a simple toy. This choice requires skill, since the .child must not become so interested that he is not .easily distracted by the sound signal.-In cases *where the child's attention cannot be attracted, as -in the blind or mentally retarded child, the test procedure may still often be successfully carried .out. The procedure requires close rapport between -operator and observer. The speed of the test, in both the increase and the decrease of intensity, -must be individually chosen according to the way in which the child reacts. The observer must *decide whether a reaction is a true response to -sound or a chance response, as in any attention -or distraction test. This is not always as difficult as it may appear, since the operator who is watching both observer and child provides a -check on the validity of the response. The manner of the child's response varies considerably. A normal child with normal hearing tends to turn and locate the sound source. A -normal child with symmetric deafness will also -turn and locate, and the response tends to be -decisive and critical to within 5 or 10 decibels. Where there is a difference ofhearing between the two ears the child will probably only locate to the better ear, but may locate to the good side when sound is exhibited to the deafer ear as the sound level overcomes the head shadow. More commonly the child shows an interest but fails in his .attempt to locate. A retarded child may also respond by location, often quite decisively. Alternatively, response may only be shown by a change of expression, a temporary alteration of play activity or a rhythmic movement of some part of the body. We frequently have severely mentally retarded children jigging actively and happily and giving a clear threshold response.
The child usually needs only a short period to adjust to the test situation, often less than a minute. The test is then carried out as rapidly as possible and is usually completed with six test signals in less than four minutes, while the signals are still within the attention span of the child. Thresholds are simply recorded by the operator. Calibration of the equipment then follows. The observer, whose hearing is checked by pure-tone audiometry before the start of the test session, takes up the position of the child in relation to the loudspeakers and the test is repeated and recorded. The results are then recorded on a pure-tone audiogram chart.
A variation of this simple but effective method of calibration has been tried by telemetry. Signals from a small radio transmitter hung round the child's neck were passed to a receiver directly calibrated in decibels. Although the equipment functioned well in relation to the sound level meter, in practice it proved less satisfactory and accurate than the simple method normally used, mainly because of interference from other equipment; in our case disturbance resulted from both the hospital bleep system and nearby EEG equipment. Also, the test still required two people.
Results which give a clear indication of a child's hearing pattern are obtained by this quick screening method in 4 out of 5 children from a mental age of fifteen months at the first test. Failures are due either to the child's over-exposure to radio at home, or to behavioural difficulties, or to the nature of some of the varieties of mental handicap. Some of the failures are resolved by repeated tests, and the others have in recent years been assessed by Dr Graham Harding at the University of Aston by cortical evoked responses. Evoked-response audiometry does not prove entirely satisfactory in a proportion of these difficult cases because of their bizarre behavioural patterns or because in these cases there are often disturbed EEG patterns.
A mentally handicapped child suspected of a hearing deficit may in most cases be easily screened out by filter audiometry. This saves considerable expenditure of time and delay in the full assessment of the child, and is appreciated by p&cdiatric and psychological colleagues as a help towards their future management of the case.
In a deaf child we can provide information of the approximate degree and type of hearing deficit. The hearing assessment is of course limited to the information obtained by exposure to only three test bands. In a case such as that shown in Fig 2 one can only say that the hearing threshold probably lies within the shaded area. This could be improved by the introduction of more bands of sound, but it would disturb the essential simplicity of the rapid screening procedure. By combining the test with impedance audiometry, cases of recruiting hearing loss may be detected. Our early attempts in 1965 to use impedance audiometry in the evaluation of hearing loss in younger children resulted in our indicating an impression of normal hearing in some cases which were later shown to be suffering from a severe fully recruiting deafness, but in combination with the filter test considerable valuable information is obtained.
Confirmation or otherwise of the accuracy of the filter test must await a period of years until accurate pure-tone audiometry is obtainable. This may sometimes be achieved in an intelligent child at an early age, but not in the average child or, particularly, in those suffering from multiple handicaps. With our rapidly moving population, dispersing over local authority boundaries, we have difficulty in following up many of the children to the point at which we are certain of the pure-is tone audiometric responses. Analysis of the children assessed in our earlier years who have had definite follow-up audiometry which we accept as accurate shows that, within the band of the possible variation of hearing loss, we can correlate 72.5 % of cases to an accuracy within 10 decibels, and 87.5 % within 20 decibels. In the remaining 12.5 % we have either been slightly outside these limits or have been significantly wrong, occasionally quite severely so. In these failures we have either indicated a symmetrical loss at the wrong level or, in over two-thirds, indicated the correct ear to which auditory training methods should first be directed.
Evoked-response pure-tone audiometry is expensive and time-consuming. Most cases referred to Aston University from elsewhere are assessed by pure-tone evoked responses over a period of 1-2 hours. Dr Harding found that the failures from our filter technique referred to him as being impossible to test by our method were also difficult to evaluate by evoked-response audiometry. Indeed, some cases which fail to give a satisfactory response by evoked-response audiometry give clear thresholds with the filter technique.
Dr Harding has permitted me to refer to work carried out in 1971 but not yet published. In the testing of young children a meaningful stimulus is essential. Following our filter technique, which uses this principle, Dr Harding has applied it to evoked responses with our standard tapes of word lists used in speech audiometry and phoneme tapes. The cortical evoked response is at least twice as strong as the response to a pure tone. As he comments, 'any self-respecting brain would attenuate the repetition of a meaningless pure tone'. The tapes are presented both in the normal way and in reverse so that a mirror image response is obtained. This procedure takes less than an hour, within which time a speech threshold is readily attainable. Using the phoneme tape in reverse the mirror image of the recorded evoked response is readily obtained and this is probably an indication of good discrimination. Failure to obtain this reversal is considered to indicate the presence either of recruitment or of a central receptive defect.
My conclusions are therefore as follows:
(1) A simple screening test over a period of five or ten minutes enables deafness to be excluded as a factor in the cause of a communication defect.
(2) The pattern of responses obtained in hearinghandicapped children can give significant help to an auditory training programme by indicating the audiometric pattern of the hearing loss, the degree and type of amplification required and the ear to which attention should first be given, up to the point at which the child will accept two hearing
aids. An indication may be made of the degree of distortion and loss of hearing discrimination to be expected.
(3) The equipment required is relatively simple and although a two-room technique is desirable it is not essential.
(4) Two trained operators are needed, but while technical skill and training are necessary a different type of person is required in audiology compared with most technicians working in other medical fields in the National Health Service. The prime requirement is the ability to obtain a rapport both with the patient and with colleagues.
The staffwho assist us with this work are audiology technicians, physics technicians or nurses. I deplore the use of the word 'technician' for those who carry out what is essentially auxiliary clinical work, and prefer to call them audiometricians. I believe this test has a useful part to play in audiological diagnosis. There are cases in which assessment is impossible by this means and which require evaluation by more sophisticated methods. Filter audiometry clearly depends on the subjective analysis of the technicians, but this is also to some extent true of more sophisticated techniques. At the least it offers a quick screening test for the assessment of hearing through the entire afferent and efferent systems, which is not at present true of other techniques. In most cases it gives an indication of the pattern of hearing loss from which a hearing-affected child is suffering, and an indication of the training methods and the choice and degree of amplification required, together with an indication of the quality of sound being received. Comparative tests with different hearing aids are possible and the teacher undertaking the auditory training can be advised which ear is likely to produce the better initial response.
The contribution of the otologist to pwdoaudiology is that it is his responsibility to diagnose hearing disabilities, when treatable to treat them, and, in those not subject to cure, to provide a full diagnosis. This requires a combination of filter audiometry, impedance audiometry and probably cortical evoked speech audiometry, or a variant of these diagnostic techniques. Colleagues in other disciplines have more expertise in the training and education of children and in the evaluation of other aspects of the child's disability. It would be to the child's loss were we, by default, to see other disciplines than our own assume responsibility for a full diagnosis or follow the child through to adulthood without otological support and supervision.
